Effects of sex and strain of bird on factors influencing welfare in chickens were investigated in 288 21-week-old Potchefstroom Koekoek (PK), Ovambo (OV), and Naked Neck (NN) chickens. The birds were allocated to 4 paddocks of Chloris gayana and a house subdivided into 4 pens. There were 12 males per strain and 12 females per strain in each paddock. Similarly, 12 males per strain and the same number of females were placed in each pen in the house. Twelve birds, 4 each of NN, OV, and PK, were randomly selected per paddock and per pen, and tonic immobility (TI) was determined. Ambient temperature and humidity were recorded and fitted into a PROC MIXED model as random effects, with strain and sex as main effects. On the last d of the trial, blood samples were collected from 9 (3 of each strain) randomly selected birds per paddock, via brachial venepuncture, using 5 mL syringes and 22 gauge needles. At slaughter, the liver and spleen were recovered and weighed immediately. Organ weights were expressed relative to body weight (BW) of each bird. Sex of bird influenced (P < 0.05) BW, spleen, and relative liver weights and heterophil to lymphocyte (H/L) ratio. Strain did not influence (P > 0.05) TI but affected (P < 0.05) all other parameters. Rearing system (P < 0.05) influenced all parameters. Strain × sex interactions were significant (P < 0.05) on all organ weights. Males appeared more stressed than females. The free-range system could minimize stress in birds though mechanisms should be devised to prevent attacks by predators. Perhaps future research could be designed to study similar parameters over a longer observation period using younger slow-growing chickens.
DESCRIPTION OF PROBLEM
The demand for chicken meat from alternative production systems requires that birds are raised under management conditions that uphold and promote animal welfare, with minimal use of medical treatments [1, 2] . The main focus is to allow outdoor access to birds for am-heat stress [4, 5, 6] . This could result in reduced performance [7] . When raised under free-range conditions, birds are allowed access to an outdoor environment that enables the expression of normal behavior. However, chickens may face a variety of stressors including food deprivation, agonistic social interactions, predators, injury, endo-and ecto-parasites, and diseases [2] . Predators such as foxes and birds of prey can be attracted to pastures. Their presence induces fear [8, 9] , which is adverse to bird welfare, but ideally, outdoor access should be an enrichment and should not stress the birds.
Duration of tonic immobility (TI), heterophil to lymphocyte (H/L) ratio, and lymphoid organ weights are reliable indicators of stress in chickens [10] . Tonic immobility, also known as thanatosis, death feigning, or catatonia, is a behavioral state characterized by lack of movement and an apparent lifeless position [11, 12] . It is an adaptive behavioral strategy and its duration is positively related to the antecedent fear state. The H/L ratio is also a reliable index for determining stress in poultry [13] . Stress also leads to involution of immunological organs.
Free-range systems make use of slowgrowing strains, which are more adapted to these production systems. Popular slow-growing strains in sub-Saharan Africa (SSA) include Naked Neck (NN), Ovambo (OV), Potchefstroom Koekoek (PK), and Venda chickens [14, 15] , and these are dual purpose strains. These strains are closely associated with rural livelihoods in Southern Africa where they are used to meet households' nutritional and economic needs [16] . Hardiness and adaptability to high ambient temperature and humidity are important attributes since free-range systems often entail exposure of birds to such conditions. Despite the reported adaptability to harsh conditions, the productivity of indigenous chickens remains low. Different strains and sexes are likely to respond differently to various stressors, hence, variation in productivity. Effects of these particular strains and sex on productivity, in addition to effects of interaction of bird factors with the environment, have not been studied. This study sought to investigate the effects of strain and sex on TI, H/L ratio, and organ weights of free-range PK, OV, and NN chickens in a high-temperature environment. It was hypothesized that free-ranging, by providing a near-natural environment, could ensure better welfare, hence, performance.
MATERIALS AND METHODS

Animal Ethics
Bird management, care, and use were compliant with internationally accepted standards for welfare and ethics of research animals [17] . The handling, methods, and procedures applied were specifically approved by the University of KwaZulu-Natal Animal Ethics Research Committee, (Reference Number: 039/15/Animal).
Study Site
The study was conducted between January and March 2015 at Cedara College of Agriculture. Cedara is located in an upland savanna zone on latitude 29.53
• S and longitude 30.27
• E at altitude 613 m. The study area has a varied yet verdant climate owing to its diverse and complex topographic characteristics. It is characterized by warm summers and cold winters. The lowest temperatures are experienced between June and July whereas the highest temperatures for the area occur between November and February. The ambient temperature and humidity over the study period ranged between 17.1 and 35
• C and 23 and 93%, respectively.
Treatments, Experimental Design, and Bird Management
A total of 288, 21-week-old PK, OV, and NN chickens was used in the study. The birds were randomly allocated to 4 900 m 2 paddocks of Chloris gayana and a 4 × 10 m house subdivided into 4 pens. There were 12 males per strain and 12 females per strain in each paddock. Similarly, 12 males per strain and the same number of females were placed in each pen in the house. As a result, there were 36 males (12 each of NN, OV, and PK) in paddocks 1 and 3 and the same number of females in paddocks 2 and 4, giving a total of birds on the 4 paddocks. Sexes were separated by wire mesh. The paddocks in which Chloris gayana (Katambora Rhodes grass) was the dominant grass species were demarcated by 2.2 m high wire mesh and reinforced by wooden and steel poles. The birds were weighed individually on a digital crane scale, model UME CCS-150 K, S/N: NXC 100020, to determine initial body weights.
Bird Management
Wooden shelters, with steel roofing, measuring 2.5 × 2 m were placed uniformly in one corner of each paddock to provide shelter for the birds. The shelters, with slatted floors elevated one m above the ground surface, were fitted with wire mesh doors to deter predators. Doors were left open during the d and closed at night. A 12 L plastic drinker was placed under shade near each shelter to provide cool, clean water. The drinkers were inspected, washed, and replenished at least twice a d to ensure ad libitum access to clean water.
Brooding, Feeding, and Health Management
One-day-old chicks of OV, NN, and PK strains were obtained from a parent flock kept at the Agricultural Research Council (ARC), Irene, Pretoria, South Africa. From d one to d 49, chicks of each strain were reared in 2 × 1.5 m pens in a well-ventilated 4 × 10 m poultry house. The house floors were covered with a 10 cm thick layer of wood shavings. Infrared lamps (75 W) were used as a source of heat and light. One-dayold chicks were maintained at 32
• C, which was gradually reduced to 21
• C by 21 d old by adjusting the height of the infrared lamps from the floor. A thermometer was kept in the house just above the level of the birds and used to monitor changes in temperature.
Broiler starter mash and potable tap water were offered ad libitum from standard tube feeders and 4 L plastic founts, respectively. Chicks were vaccinated against Newcastle disease (ND) at 10 and 35 d of age. A foot bath drenched with disinfectant (Virukill R , Hygrotech South Africa (Pty) Ltd, Pretoria, SA) was placed at the entrance to the brooding house. From d 50, birds were given a grower meal. Feeds were supplied by Meadow Feeds, South Africa. The nutrient composition of the feeds is shown in Table 1 .
At 20 wk of age, selected birds were assigned to 4 paddocks located side by side and sepa- rated by a fence. The Katambora Rhodes grass paddocks were rain-fed once established. Weeds and other invader grass species were hand picked and eliminated from the paddocks. Cattle manure was used to fertilize the paddocks. Wooden shelters described earlier were used to house the birds on each paddock.
Data Collection and Measurements
Tonic Immobility. After 7 d of acclimatization, TI was measured according to the modified protocol described earlier [18, 19] , once a wk for 4 weeks. Twelve birds, 4 each of NN, OV, and PK, were randomly selected per paddock. The same criterion was used for housed birds. Tonic immobility was determined in a separate enclosed area to avoid disruption of TI by sound or movement. All selected birds were caught and carried to the room in an upright position. Duration of TI was measured with the aid of a Ushaped wooden cradle and a stopwatch, model 870A Century clock-timer (Buro Centre, Buro Crescent, Mayville, Durban, SA). Tonic immobility was induced by placing the chicken on its back and exerting light pressure to the breast area for 15 seconds. After 15 s, the hand was gently removed and the stopwatch started. During removal of the hand from the breast of the bird, the researcher retreated stealthily, approximately one m within sight of the bird and remained silent and motionless carefully watching the bird. Duration of TI was considered to be the time taken until each bird righted itself from the time the stopwatch was started.
Any bird that righted itself within 10 s had the induction process repeated up to a maximum of 3 times. If a chicken stayed on its back for over 10 s, the time taken until the bird righted itself was recorded and was regarded as the duration of TI. The induction session was terminated if a bird remained in TI for 10 min, and the bird was assigned the maximum duration of 600 seconds. If TI had not been induced after 3 attempts, the duration of TI would be considered zero seconds. Movements of the observer were minimized to avoid terminating TI. Tonic immobility was assessed 4 times, with 7 d in between each assessment, between 0930 and 1600 h each time. In addition, a thermo hydrometer was used to record ambient temperature in degrees Celsius (
• C), and humidity as a percentage. These measurements were made at the same time that TI was determined.
Heterophil to Lymphocyte Ratio. The heterophil to lymphocyte ratio for each bird was determined according to established protocol [10] . On the last d of the trial, blood samples were taken from 9 (3 of each strain) randomly selected birds per paddock via brachial venipuncture using 5 mL syringes and 22 gauge needles. The same number of birds was bled from the housed flock. Blood samples were collected into purple top, 5 mL ethylene diamine tetra-acetic acid (EDTA)-coated vacutainer tubes and placed in a cooler box with ice and transferred to the University of KwaZulu-Natal, Pietermaritzburg. Blood samples were stored at −4
• C, pending analyses. Two glass slides and smears were prepared for each sample per bird and stained with Wright stain for 15 minutes. Slides were observed under a light microscope (model BX41TF, Olympus Corporation, Tokyo, Japan) at ×100 magnification. One hundred leucocytes including heterophils, lymphocytes, monocytes, basophils, and eosinophils were counted on each slide and H/L ratio estimated by dividing the number of heterophils by that of lymphocytes.
Organ Weights. On the last d of the trial, all the birds were weighed on a digital scale (±1 g sensitivity). Immediately after weighing, 6 birds per group, comprising 2 of each strain, were randomly selected and euthanized by cervical dislocation. After slaughter, the liver and spleen were recovered and weighed immediately. The weights were expressed relative to body weight (BW) of each bird.
Statistical Analyses
Data were checked for normality using the Shapiro-Wilk test. Duration of tonic immobility, relative spleen weight, H/L ratio, and all leucocyte count data were log 10 -transformed to confer normality. For data on TI and BW, the main effects were analyzed using the PROC MIXED of SAS [20] . The model Y ijklm = μ + B i + S j + R k +W l + T m + H n + (B × S) ij + ε ijklmno was used for TI data where Y ijkl = the response variable (duration of TI, BW); μ = the overall mean, common to all observations; B i = the effect of the i th strain (i = 1, 2, 3); S j = the effect of the j th sex (j = 1, 2); R k = the effect of the k th rearing system (k = 1, 2); T m = random effect of ambient temperature; H n = random effect of ambient humidity; W k = the effect of the k th week (l = 1, 2, 3, 4); (B × S) ij = interaction effect of strain and sex of bird; and ε ijkl = random residual error.
For the rest of the parameters, the General Linear Models procedure of SAS [20] was applied and the model Y ijklm = μ + B i + S j + (B × S) ij + ε ijklm was used where; Y ijk = the response variable (liver and spleen weight, leucocyte count, H/L ratio, relative liver and spleen weight); μ = the overall mean common to all observations; B i = the effect of the j th strain (i = 1, 2, 3); S j = effect of the k th sex (j = 1, 2); H k = effect of the k th rearing system (k = 1, 2); (B × S) ij = interaction effect of strain and sex of bird; and ε ijk = random residual error term. Means were generated using the LSMEANS and significance was considered at the 5% level of probability [20] . All interactions that had no effect at the 5% level of probability were dropped from analyses.
RESULTS
Levels of Significance
Strain of bird affected (P < 0.05) all parameters except H/L ratio. Sex of bird had an effect on BW, spleen and relative liver weight, heterophil count, and H/L ratio. There were significant strain × sex interactions for both absolute and relative liver and spleen weights. The rearing system affected (P < 0.05) all parameters studied. The significance levels for the parameters studied are summarized in Table 2 . Values reported in this section, for log-transformed data, represent reverse-transformed analysis outputs.
Mortality and Body Weights
Raising birds in the outdoor system exposed them to predators. A total of 4 hens (PK) and 2 cocks (NN) were attacked by a hawk.
Both strain and sex of bird influenced BW (P < 0.001). The highest body weight, 2165 ± 46.37 g/bird BW, was observed among the housed birds. Rearing system also influenced (P < 0.05) BW and the lowest, 1670 ± 80.33 g/bird BW, was observed among free-range birds. The OV had the largest BW, followed by PK, and the NN were the lightest of the 3 strains weighing 1660 ± 48.20 g/bird BW. Males were heavier (P < 0.001) than females in this study.
Duration of Tonic Immobility
A maximum of 2 inductions was recorded in this study. Tonic immobility was influenced (P < 0.05) by strain, rearing system, and also wk of observation. The TI durations ranged between 10 and 600 seconds. The duration of TI was lower (P < 0.05) for PK compared to NN and OV (Table 3) , and the last 2 did not differ (P > 0.05). The overall TI duration for free-range birds was 275.5 ± 30.68 s compared to 349.8 ± 30.05 s for the housed flock. The distribution of the 2 environmental factors in relation to TI is presented in Figure 1 . The overall TI durations for housed and free-range birds are presented in Figure 2 . 
Leucocyte Counts
Strain and sex of bird influenced (P < 0.05) heterophil counts. No interactions were observed on lymphocyte counts in this study. Table 4 shows leucocyte counts by strain and sex of bird. The H/L ratio was affected (P < 0.05) by sex of bird and rearing system. A higher H/L ratio was observed in housed birds (Table 5) compared to free-range birds. The overall H/L ratio for free-range birds was 0.63 ± 0.03 compared to 0.74 ± 0.02 for housed birds. Males across all strains had higher H/L ratios than hens. The highest among the 3 strains was observed for PK hens (Table 6) . No interactions were observed on this parameter.
Organ Weights
Sex influenced (P < 0.0001) relative liver weight and so did strain (P < 0.05). There were significant strain × sex interactions on liver weights (P < 0.001). Relative liver weight was consistently higher in females across all strains (Table 6 ).
All factors studied significantly influenced (P < 0.05) spleen weight. The highest weight was observed among housed birds. Hens had significantly larger (P < 0.05) spleens than cocks in the PK strain, whereas spleens were heavier in males of the other 2 strains. The lowest relative spleen weight was observed in OV females. Significant interaction (P < 0.05) was observed between strain and sex of bird on this parameter. The spleen weights are as shown in Table 6 .
DISCUSSION
The thermal comfort zone for adult chickens is 18 to 20
• C [21, 22] . This zone is defined as an ambient temperature range in which the metabolic rate is minimal and the best performance is achieved [7] . The overall mean ambient temperature of 24.9
• C experienced in the current study is above this zone, implying possible exposure to some degree of thermal stress. Thermal stress negatively impacts bird welfare mainly because birds are particularly sensitive to heat stress [6] . Heat stands out as one of the most important stressors in hot regions of the world [10] . Table 5 . The effect of rearing system and sex of bird on BW (g), absolute liver and spleen weight (g), relative liver and spleen weight (g/kg BW), and H/L ratio in free-range slow-growing chickens. 1 Live body weight. 2 Heterophil to lymphocyte (ratio). 3 Male. 4 Female. 5 Standard error.
The mortality experienced in the current study was mainly a result of predation. Mortality is a common problem in outdoor systems. In the past, even the conventional poultry industry kept birds with outdoor access, but production moved indoors largely because of concerns of mortality due to predators, among other factors [2] . Free-range birds attract predators including foxes, dogs, and birds of prey. In addition to attacks, the mere presence of predators can cause panic and smothering in the flock [2] as a result of fear [8, 9] . All these are potential stressors, hence they interfere with bird welfare. The general view, however, is that outdoor production systems could decrease stress and allow comfort, thus, theoretically improving bird welfare.
The strain differences observed in live body weight are consistent with previous observations [15, 23] . Strain differences observed in TI durations perhaps imply differences in fearfulness among strains, contrary to earlier observations [10] . These researchers reported no strain differences in fearfulness between Ross and Cobb broilers. In their study, TI duration differences were attributed to heat stress. Significant differences were, however, reported among strains in duration of TI in Spanish chickens [24, 9] and in a separate study with yellow crowned bishops (Euplectes afer) and tree sparrows (Passer montanus) [18] . Level of fear differed in the 2 species and the researchers noted that such interspecific differences in fear might have important consequences, for example, for adaptation Table 6 . Effect of strain and sex on spleen weight (g), relative liver and spleen weights (g/kg BW), and H/L ratio. to habitat changes [25] . Fear is an adaptive behavior whose biological role is to protect the animal from psychochemical damage [26] , which would otherwise compromise welfare. Duration of TI has been used as a measure of fear, with several lines of evidence supporting this interpretation, especially for domesticated chickens [18] . The TI durations recorded in this study suggest that the PK is the least fearful of the 3 strains. TI durations in the current study are shorter than values reported for pheasants in previous research [19] . The shortest and longest TI durations reported were 111.4 ± 21.41 s and 361.6 ± 40.61 s, respectively, compared to 10 and 600 s in this study. Besides species differences, the 2 experiments tested different effects on the subjects. The finding that sex of bird did not influence TI durations is contrary to literature reports [24] . Increased intensity of fear response can have deleterious consequences on poultry welfare and performance [8] .
In this study, longer durations of TI were observed in housed birds and this is consistent with earlier reports [9, 19] . Duration of TI was longer with birds housed in deep litter than free-range birds [9] . Even among housed birds, longer durations of TI were reported in hens housed in cages than hens kept on deep litter [19] .
The observation on the absence of strain differences in H/L ratio agrees with previous research [24, 9] but is not congruent with our expectations. We envisaged higher ratios in strains that recorded longer TI durations. Other factors may have influenced this observation. Other stressors like induced ACTH increased H/L ratio in chickens [27] . In this study, temperature was not controlled and the highest temperature experienced was 35
• C. Possible effects cannot be ruled out though this was not tested in this study. When temperature was maintained constant at 38
• C for 3 h over 2 d in a separate study, increases in H/L ratio were reported [30] . The 35
• C experienced in this study is much higher than 18 to 24
• C regarded as the thermoneutral zone for chickens [19, 18] . Free-range birds experience cyclic exposure to these conditions, which might imply fluctuating responsiveness. Having said that, possible strain differences may occur in respect to thermo-tolerance. Literature reports that reduced feather cover in NN may be of advantage in thermoregulation at high ambient temperature [32] by increasing sensible heat loss.
We observed significantly higher H/L ratios in housed birds compared to the free-range flock. This is consistent with a previous study [9] that evaluated H/L ratio in hens housed in deep litter and free-range systems. A H/L ratio of 0.42 indicates minimum or acceptable stress in chickens [28] . Higher ratios were observed in this study indicating potentially detrimental stress levels. The H/L ratio is a more sensitive indicator of stress than either the heterophil or the lymphocyte change alone in fowls [28, 13] and is widely accepted as the best indicator of stress in chickens [28] .
Strain differences in absolute liver weights would be expected, as the strains differ in BW in the first place. Females across the 3 strains had higher relative liver weights than males. Given that females are generally lighter in BW, this might imply that females were more stressed in this study. Hypertrophy of the liver, as evidenced by an increase in relative liver weight, is an indication of stress in birds [30] . Literature reports that adrenocorticotropic hormone (ACTH) caused increases in relative liver weight in chickens [30] while tryptophan supplementation decreased the same [29] . A rather interesting observation was on the lowest and highest spleen and liver weights, respectively, in freerange birds. This may suggest spleen involution and liver hypertrophy, respectively, though the relative weight is more informative in that regard.
The spleen, bursa of Fabricius, and thymus function in immune response in chickens. Stress is known to cause, among other effects, involution of primary lymphoid organs [31] . Other forms of stress also have been found to lead to reduced spleen weights [31] . Our results seem to concur with previous reports [30] in which ACTH and corticosterone administration resulted in reduced spleen weight. Reduced relative spleen weights were observed in heat stressed broilers in a separate study [1] . Tryptophan inadequacy is known to depress performance in poultry but supplementation did not significantly reduce relative spleen weight in stressed chickens [29] .
CONCLUSIONS AND APPLICATIONS
1. Strain affects duration of TI in slow-growing chickens while sex has no effect, showing that strains may have different degrees of fearfulness. 2. Heterophil to lymphocyte ratio was higher in males compared to females for both freerange and housed flocks. 3. Higher spleen weights were observed in housed birds and general liver hypertrophy in hens, perhaps indicating stress. 4. Based on H/L ratio, males appear more stressed than females, while results on duration of TI and organ weights are largely inconclusive. 5. Outdoor systems could enhance bird welfare;
however, there is a need to devise mechanisms to protect birds against possible attack by predators. 6. Perhaps future research could be designed to study similar parameters over a longer observation period using younger slow-growing chickens.
